was collected to determine the relative amount of Cp ‡ 2 Th(H)H 3 AlC(SiMe 3 ) 3 based on the observed integrations. The residue was dissolved in toluene (10 ml) and a stoichiometric amount of chlorotrimethylsilane relative to the Cp ‡ 2 Th(H)H 3 AlC(SiMe 3 ) 3 was added. The reaction was stirred overnight. The solvent was removed in vacuo and the resulting white solid was found to be analytically pure and used directly for subsequent reactions (1.20 g, 89% yield). X-ray quality crystals were grown from a HMDSO solution stored at room temperature for 4 days. 1 
Synthesis of Cp ‡ 2 Th(H)H 3 AlC(SiMe 3 ) 3 (3). A solution of K[H 3
AlC(SiMe 3 ) 3 ] (0.50 g, 1.7 mmol) in toluene (15 ml) was added to a solution of Cp ‡ 2 ThCl 2 (0.50 g, 0.76 mmol) in toluene (15 ml). The reaction mixture was refluxed for 2 days, and the solvent was removed in vacuo. The residue was extracted into n-hexane (30 ml) and filtered through Celite®, and the solvent was removed in vacuo. The residue was extracted into 10 ml of HMDSO, and concentrated to saturation (~2 ml). The solution was stored at -40 C overnight to afford colorless crystals of the desired product (0.32 g, 50.% yield). 1 35 mmol) in toluene (6 ml) to produce a brown solution. The reaction mixture was stirred overnight, and the solvent was removed in vacuo. The brown residue was triturated with n-hexane and extracted with HMDSO (10 ml). The brown solution was filtered through Celite®, and concentrated until saturated (~ 4 ml). Storage of the solution at -40 C overnight afforded the desired product as dark yellow crystals (0.12 g). A second crop was isolated upon further concentration of the remaining solution (0.033 g, 51% total yield). 1 (4) were obtained at the Advanced Light Source (ALS), Lawrence Berkeley National Laboratory, Berkeley, CA, station 11.3.1, using a silicon-monochromated beam of 16 keV (λ = 0.7749 Å) radiation. All data collections were conducted at 100 K. Absorption corrections were performed by a multiscan method, utilizing either Bruker AXS SADABS or TWINABS (for 3) as appropriate. 11 Bruker APEX3 software was used for the data collection, and Bruker SAINT software for the cell refinement and data reduction procedures. 12 Initial structure solutions were found using direct methods (SHELXT) and were subjected to full-matrix refinements against F 2 by SHELXL-2014. 13 All non-hydrogen atoms in all structures were refined anisotropically. Hydrogen atoms bound to or bridging between metal centers could be explicitly located in all structures and were refined isotropically with no positional restraints. Cryogenic temperature was achieved by using an ESR900 liquid helium cryostat with a temperature controller (Oxford Instrument ITC503) and gas flow controller. All continuouswave (CW) EPR spectra were recorded under slow-passage, non-saturating conditions. Spectrometer settings were as following: conversion time = 30 ms, modulation frequency = 100 kHz, and parameters in the corresponding figure legends. Pulsed Q-band electron spin-echo detected field swept EPR (ESE-FS) was recorded on the Bruker Biospin EleXsys 580 spectrometer equipped with a R.A. Isaacson cylindrical TE 011 resonator. Standard Hahn-echo pulse sequence (π/2-τ-π-τ-echo) was used for ESE-FS experiments. Simulations of EPR spectra were performed in Matlab 2014a with the EasySpin 5.1.10 toolbox. 14 Figure S14. Q-band (34 GHz) pseudo-modulated free induction decay detected field-swept EPR spectrum of 4 (black trace) and simulation (red trace). Conditions: temperature, 15 K; time interval between the first (π/2) and the second (π) microwave pulse (τ) = 300 ns; modulation amplitude, 0.5 mT. Note: the hyperfine splittings observed in 6 are not caused by the HFI from the bridging hydrides, since similar patterns can be observed with a deuteride isotopologue. HFI from 1 H will be analyzed further in a pulse EPR study.
S16 G. Computational Details
All the structures reported in this study were fully optimized with the Becke's 3-parameter hybrid functional 15 combined with the non-local correlation functional provided by Perdew/Wang (denoted as B3PW91). 16 The basis sets used for titanium, thorium, uranium as well as silicon and aluminum atoms were the Stuttgart-Dresden small core ECP in combination with its adapted basis set. 17, 18 For the rest of the atoms the 6-31G(d,p) basis set was used. [19] [20] [21] In all computations no constrains were imposed on the geometry. All stationary points have been identified for minima (number of imaginary frequencies Nimag=0). The vibrational modes and the corresponding frequencies are based on a harmonic force field. The GAUSSIAN09 program suite was used in all calculations. 22 Natural Bonding Orbital (NBO) 23, 24 analyses were carried out using the associated module in the Gaussian package. Atoms in Molecule (AIM) 25, 26 analysis was also performed using the Multiwfn code. 27 
